Introduction
Early diagnosis and staging of pulmonary lesions are central to the treatment and survival of patients with suspected lung cancer, especially of those with suspected non-small cell lung cancer.
(1) Among the available alternatives, surgery by mediastinoscopy, video-assisted thoracoscopy, or other techniques remains the reference standard for diagnosis and mediastinal staging. However, assessment by minimally invasive techniques, such as flexible bronchoscopy with bronchial or transbronchial biopsy, endobronchial ultrasound (EBUS) with transbronchial needle aspiration (TBNA), virtual navigation, and electromagnetic navigation bronchoscopy, has made it possible to obtain representative histologic and cytologic samples with greater speed and a lower rate of complications. (1, 2) Linear EBUS involves the use of a bronchoscope with a convex ultrasound transducer at its distal J Bras Pneumol. 2015;41(3):219-224
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All procedures were performed with a flexible video bronchoscope (BF-Q180; Olympus Corp., Miami, FL, USA) and a flexible ultrasound bronchoscope (BF-UC180F; Olympus Corp.) by an endoscopist. The procedures were performed in accordance with standard recommendations, with monitoring and sedation under anesthesia. (2) All patients had to sign a written informed consent before undergoing the procedure. The airway and mediastinal lymph node stations were thoroughly inspected with a flexible bronchoscope. Subsequently, the lymph nodes were identified by radiological imaging study and linear transducer ultrasound. Mediastinal lymph nodes with suspected neoplastic involvement-defined as enlargement (10 mm in size), irregular borders, and irregular shape-that was not confirmed by imaging was aspirated at least six times using a transbronchial needle.
We recorded demographic variables such as age and gender, as well as lesion characteristics on axial CT of the chest, classifying them in accordance with the affected lymph node; location of the lesion in the mediastinum as per the IASLC lymph node map (6) ; lymph node morphology (round, oval, triangular, or other); lesion borders (defined or irregular); lesion size; and complications associated with the procedure. The anatomopathological study of the samples was carried out at the Department of Pathology by an operator who was blinded to the clinical history and to the diagnostic result of the previous procedure. A sample that was positive for lung cancer was considered to be diagnostic, dispensing with another surgical biopsy. In cases in which bronchoscopy was nondiagnostic, the definitive diagnostic procedure that is defined as the reference standard (surgery by videoassisted thoracoscopy or by mediastinoscopy) was resorted to within 2 months, whereas in cases in which the lesion sample was nondiagnostic by all (bronchoscopic or surgical) methods, a 12-month or longer, chest CT follow-up was defined as the reference standard.
Data were recorded in a database designed in Microsoft Office Excel 2010. The working definitions used for this study were as follows: end to confirm the location of the lesion in real time, which allows fine-needle aspiration of the lesion contents (i.e., TBNA), significantly increasing the diagnostic yield. This method was first used in early 2000 by Herth et al. (3, 4) The diagnostic yield of EBUS-TBNA has been studied in different types of airway lesions, as well as in central and peripheral lesions. The procedure has proven to be useful in lesions adjacent to central airway structures, reportedly yielding a sensitivity of 90% and a specificity of 100%. A systematic review and meta-analysis, (5) which included 11 studies involving 1,299 patients referred for EBUS for mediastinal staging in non-small cell lung cancer, found a sensitivity of 93% (95% CI, 91%-94%) and a specificity of 100% (95% CI, 99%-100%). However, this diagnostic method is not sufficiently accurate to locate all mediastinal lymph node stations, especially stations 5, 6, 8, and 9 of the mediastinal lymph node map developed by the International Association for the Study of Lung Cancer (IASLC). (3, 6) The objective of the present study was to describe the diagnostic yield of EBUS-TBNA as a diagnostic and staging method for secondary mediastinal nodal involvement in patients with non-small cell lung cancer.
Methods
This was a prospective descriptive study of patients undergoing EBUS-TBNA for diagnosis of operable non-small cell lung cancer and referred for mediastinal nodal staging. All procedures performed in outpatients and inpatients of the Clinica Alemana of Santiago, Santiago, Chile, between July of 2010 and August of 2013 were included. Patients ≥ 18 years of age with a presumptive diagnosis of lung cancer or non-small cell lung cancer who met criteria for surgery were consecutively selected on the basis of clinical history and imaging studies (chest X-ray and CT scans). Lung cancer patients with distant metastasis (M1, as per the tumor-node-metastasis classification) (7) were excluded, as were patients undergoing restaging after chemotherapy and those who refused the procedure.
This study was reviewed and approved by the Research Ethics Committee of the Clinica Diagnostic yield of endobronchial ultrasound-guided transbronchial needle aspiration for mediastinal staging in lung cancer http://dx.doi.org/10.1590/S1806-37132015000004466 was 93.9, whereas the likelihood ratio for a negative diagnostic result was 0.06.
Analysis of the diagnostic yield of EBUS according to lesion size revealed that the result of 1/90 biopsies was false negative in those lesions smaller than 10 mm, with sensitivity being 90.0% and specificity being 100.0% for this group, whereas, in those lesions greater than 10 mm, the yield was 91.25%.
A definitive diagnosis was established by EBUS-TBNA in 164 cases, by surgical techniques in 15 cases, and by radiological follow-up in 175 cases. Of the EBUS-TBNA samples that were negative, 15 corresponded to false negatives (pulmonary adenocarcinoma, in 11; squamous neoplasia, in 4).
Of all pulmonary lesions that were diagnosed by any method, 170 were found to be consistent with lung cancer, whereas 9 were of benign etiology. The prevalence of lung cancer in our series was 48.02%. The histologic results are summarized in Table 4 .
Finally, in our series, there was one episode of pneumomediastinum that was considered related to the procedure and occurred after biopsy sampling of the pretracheal region, which was performed as part of mediastinal lymph node assessment. Management of this complication was medical, without major complications, with a 2-day hospital stay.
Discussion
Assessment of pulmonary lesions by minimally invasive techniques plays an increasingly important true positive (TP) = an EBUS-TBNA sample positive for lung cancer; true negative (TN) = an EBUS-TBNA sample negative for lung cancer and a surgical sample negative for lung cancer, or axial chest CT follow-up showing no significant changes; false negative (FN) = an EBUS-TBNA sample negative for lung cancer and a surgical sample positive for lung cancer.
In addition, diagnostic yield was defined as the sum of EBUS-TBNA results that were diagnostically positive for cancer and EBUS-TBNA results that were negative for cancer and were confirmed by the reference standard (TP + TN).
On the basis of the results obtained, we assessed sensitivity-defined as TP/(TP + FN)-specificity-defined as TN/(TN + FP)-positive predictive value-defined as TP/(TP + FP)-and negative predictive value-defined as TN/(TN + FN). Once the diagnostic yield results were obtained, we calculated the positive and negative likelihood ratios for EBUS-TBNA.
Results
Our analysis included 354 mediastinal lymph node biopsies, from 145 consecutive patients. Of those 145 patients, 54.48% were male. The mean age was 63.75 years (range, 20 to 88 years). The mean lymph node size was 15.03 mm, and 90 lymph nodes were smaller than 10.0 mm. The demographic and lesion characteristics of the patients included in this study are summarized in Table 1 .
Lesions were located as follows: 40.96% in the lower or upper paratracheal region; 27.96% in the hilar region; 26.55% in the subcarinal region; and 4.53% in the interlobar, lobar, and subsegmental regions. Regarding the ultrasound characteristics of the lymph nodes, 35.0% were oval, 16.6% were triangular, and 51.41% had regular borders, whereas the location of the lesion in the mediastinum as per the IASLC lymph node map and biopsy diagnostic yield is summarized in Tables 2 and 3 . The EBUS-TBNA method showed a sensitivity of 91.17%, a specificity of 100.0%, a positive predictive value of 100.0%, and a negative predictive value of 92.9%. The likelihood ratio for a positive diagnostic result Another application of EBUS-TBNA is its ability to stage lung cancer in the mediastinum, mainly because the technique allows easy access to most lymph node stations, except for stations 5, 6, 8, and 9 (IASLC classification), from which it is not possible to obtain histologic or cytologic samples by using this technique; in such cases, EBUS-TBNA can be complemented with ultrasound-guided endoscopy. (8) However, the yield of EBUS-TBNA is significantly decreased in peripherally located pulmonary lesions. (3, 8) The diagnostic yield of mediastinal staging by EBUS-TBNA is high, with a reported sensitivity of approximately 90% and a specificity of 100%. In a recently published randomized clinical trial, (9) the yield of EBUS-TBNA as the first-choice minimally invasive method for the staging and diagnosis of lung cancer in lesions adjacent to the central airways was compared with that of commonly used techniques. The group randomized to EBUS-TBNA had a decrease in the number of unnecessary thoracotomies and complications, as well as a decrease in the time required to confirm or rule out the diagnosis of lung cancer and make therapeutic decisions. In that study, EBUS-TBNA had a sensitivity of 92% and a specificity of 100%. role as diagnostic yields are increased. EBUS has been used as a method that allows TBNA of pulmonary lesions to be performed reliably and safely. Methodologically, studies analyzing the Diagnostic yield of endobronchial ultrasound-guided transbronchial needle aspiration for mediastinal staging in lung cancer this study was conducted in a single center, with the same operator. Diagnostic yield is a learning curve-dependent variable, and this can reduce result applicability to other centers with less experience in EBUS-TBNA.
In conclusion, EBUS-TBNA is a diagnostic tool with a high diagnostic yield, has few associated complications, and should be considered an option for mediastinal nodal staging in patients with lung cancer, especially in those with non-small cell lung cancer.
In our series, the diagnostic yield of EBUS-TBNA was high, especially because all lesions were located in the central airway, with lesions visualized by EBUS. We evaluated the yield of EBUS-TBNA and found that, in small lesions (those smaller than 10 mm), it remained satisfactory. This finding is a contribution to the assessment of solitary pulmonary nodules and lymph nodes between 5 and 10 mm, given that lesions smaller than 7 mm are not seen on imaging studies such as positron emission tomography-CT, whereas, by using ultrasound, those lesions can be found and aspirated transbronchially, with a diagnostic yield of 90% or more.
Tedde et al., (10) the only available reference regarding EBUS-TBNA in South America, included 50 patients who underwent a total of 201 EBUS-TBNA biopsies of 81 lymph nodes or mediastinal masses for diagnosis and staging. In that series, the diagnosis of cancer was confirmed in 57% of the patients in whom EBUS-TBNA was diagnostic. A negative point in that study was that, in 13 of the 50 patients, the cytologic material was not optimal for anatomopathological examination.
Complications associated with EBUS-TBNA are rare and usually minor. In our series, there was one case of pneumomediastinum-a complication with a reported rate of less than 1%-that was managed medically, without other major complications. In the literature, complications are infrequent, with self-limited bleeding being reported in less than 5% of the procedures, whereas the rate of pneumothorax is 1% with no fatal events, (8, 11) similar to what was found in our series.
This study has some limitations. First, the study design: the protocol for studies of diagnostic yield should be in accordance with the recommendations of the STARD statement. (12) In our study, those diagnostic procedures that were positive for lung cancer by histology were not confirmed by surgical biopsy or surgical histology (the gold standard), and therefore it is not possible to determine the proportion of false positives. However, given that a positive histologic result for cancer is confirmatory, it should not be a confounding variable. Second, the prevalence found in our study was lower than that reported in other series of lung cancer patients, in which prevalence rates range from 70% to 75%. Third,
